Abstract
Methods
All antiretroviral treatment (ART)-naive patients initiating a TDF-based regimen were selected from the ICONA Foundation Study cohort. The primary outcome was TDF discontinuation regardless of the reason; secondary outcome measures were TDF discontinuation due to toxicity and selective TDF discontinuation (that is, TDF discontinuation or substitution, maintaining unchanged the remaining antiretroviral treatment).
Results
3,618 ART-naïve patients were included: 54% started a PI/r-based and 46% a NNRTIbased based regimen. Two-hundred-seven ty-seven patients discontinued TDF and reintroduced ART within 30 days without TDF. The probability of TDF discontinuation regardless of the reason was of 7.4% (95%CI:6.4-8.5) by 2 years and 14.1% (95%CI:12.2-16.1) by 5 years. The 5-year KM estimates in the PI/r vs. NNRTI group were 20.4% vs. 7.6%, respectively (log-rank p = 0.0001), for the outcome of stopping regardless of the reason, and 10.7% vs. 4 .7% (p = 0.0001) for discontinuation due to toxicity. PI/r use and lower eGFR were associated with an increased risk of discontinuing TDF.
Conclusion
In our cohort, the frequency of TDF discontinuations was higher than that observed in clinical trials. Co-administration of TDF with PI/r was associated with an increased rate of TDF discontinuations. Further studies are needed to clarify the mechanisms that might have led to this outcome.
Background
Antiretroviral therapy (ART) regimens could be associated with a range of toxicities. Although the incidence of discontinuation because of intolerance/toxicity has declined over time, it remains the major cause of drug discontinuation. [1] Tenofovir disoproxil fumarate (TDF) is a widely prescribed nucleotide reverse transcriptase inhibitor (NRTI) for HIV-1 infection. Possible TDF adverse events include renal tubule damage, Fanconi's syndrome, nephrogenic diabetes insipidus and osteopenia/osteoporosis. Although the incidence of renal disease can be reduced by ART, [2] current use and cumulative exposure to TDF have been associated with estimated glomerular filtration rate (eGFR) reduction and/or increased incidence of chronic kidney disease (CKD). [3] [4] [5] [6] Moreover, cumulative TDF exposure has been associated with reduced bone mineral density and increased osteoporotic fracture risk. [7] TDF-related renal toxicity seems to be enhanced by concurrent administration of ritonavirboosted protease inhibitors (PI/r), particularly atazanavir/ritonavir (ATZ/r) and lopinavir/ritonavir (LPV/r). [4, 8, 9] Similarly, a steeper increase in bone resorption markers and more marked reduction in bone mineral density were observed in three randomized clinical trials, when TDF was associated with a PI/r. [10] [11] [12] Toxicity leading to discontinuation of TDF is a rare occurrence, in clinical trials, ranging from 0 to 3% by 2 years from starting the drug. [13] [14] [15] [16] [17] [18] Nonetheless, in clinical practice, the proportion of TDF discontinuations due to toxicity or side effects seems to be higher, but it remains largely unexplored.
The aim of our study was to describe the use of TDF as part of first-line ART initiated from ART-naïve in clinical practice, to assess the rate of its discontinuation over time and to explore factors associated with the risk of TDF discontinuation (with the focus on the drug class of the third drug initiated with TDF).
Methods
Data from the Icona Foundation Study database were used. A detailed description of the cohort has been provided elsewhere. [19, 20] In brief, the ICONA Foundation Study is an Italian multicentre prospective observational cohort study of HIV-1-positive persons enrolled since 1997. This cohort consists of more than 12,000 patients, recruited in 71 infectious disease units in Italy, 41 of which still provide new enrolments and updated follow-up of the persons enrolled. Eligible patients are those who, for whatever reason, were naive to antiretroviral drugs at the time of enrolment. Demographic, pre-enrolment, clinical and laboratory data and information on the specific therapies are collected for all participants and recorded online. Reasons (up to for hepatitis B surface antigen over follow-up were excluded. This was done because persistence on TDF treatment, despite toxicities, was assumed to be higher among those with hepatitis B co-infection than among HIV monoinfected patients. Follow-up accrued from the date of TDF initiation up to its discontinuation or to the last recorded clinical visit. The reasons for TDF discontinuation, as reported by the treating physicians, was used to classify the interruptions. The primary outcome was TDF discontinuation regardless of the cause. Secondary outcome measure was TDF discontinuation due to toxicity, as reported by the treating physician. In the secondary outcome analysis, follow up was truncated at the date of last clinical visit if a person had discontinued for a reason different from toxicity. This was done because we were interested in predicting how many people stopped TDF due to toxicity. We used the marginal risk which reflects both the causal effect of covariates on the risk of stopping TDF because of toxicity but also other possible mechanisms related to the competing events (e.g., interruptions for other causes which were not relevant here). The analysis of the risk of interruption due to toxicity was further restricted to only discontinuations due to renal toxicity, again using a marginal model approach and classifying the reason for discontinuation according to the reason reported by the treating physician. Eventually, all analyses were repeated considering only selective TDF discontinuations (TDF interruption or substitution, while maintaining unchanged the remaining antiretroviral treatment) as the outcome of interest, in order to minimize the possible effect of the companion drugs' side effects on the decision to interrupt TDF. So, this analysis is designed to evaluate the rate of treatment discontinuation truly attributable to TDF and not to other drugs. In all analyses, changes in formulation and interruptions followed by re-initiation of TDF-based regimens within 1 month and/or TDF discontinuations in the context of a complete ART discontinuation lasting >1 month did not count as events.
Survival analysis using Kaplan Meyer (KM) and Cox proportional hazards model were used. An intention-to-treat (ITT) approach, ignoring switches of PI/r, NNRTI or other nucleoside reverse transcriptase inhibitors (NRTI), was performed. Besides the drug class co-administrated with TDF (PI/r vs. NNRT), the following covariates were included in the multivariable Cox model: demographics, mode of HIV transmission, hepatitis C coinfection (defined as serum reactivity for hepatitis C virus antibody), baseline eGFR (calculated using the CKD-Epi formula) [21] and CD4+ T-cell count, diagnosis of diabetes, lipid assessment (total cholesterol and HDL cholesterol), use of blood pressure lowering drugs and statins, calendar year. These were chosen a priori as potentially associated with both the choice of the initial class of the third drug and the risk of stopping TDF. Cox regression models were stratified by clinical site.
Finally we estimated the variation of eGFR over time since TDF initiation and whether it was different according to third-drug class used (PI/r or NNRTI), using a mixed linear model with random intercept and slope. This was done to supplement the main analysis based on the reason reported by the clinician which is likely to be a less objective endpoint influenced by beliefs engrained in clinical practice.
All statistical analyses were performed using SAS 9.4 statistical software (SAS Institute Inc., Cary, NC, USA, 2014). All P-values presented are two sided and a P-value <0.05 indicated conventional statistical significance.
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Results

Patients' characteristics
Three thousands six hundred and eighteen HIV-positive patients were enrolled and followed for a total of 8,043 patient-years of follow-up. One thousand six-hundred sixty-nine patients (46%) started TDF as part of a NNRTI-based regimen and the remaining 1,949 (54%) a PI/r based regimen. Their median age was 38 years-old and their median baseline eGFR was 106 ml/min. Patients on PI/r based regimen were more likely to be female (p<0.001), older (p = 0.02) and previously diagnosed with AIDS (p<0.001) and to have a lower CD4-T cell count (p<0.001) and a higher HIV viral load (p<0.001, Table 1 ). Among patients on PI/r based regimen, 783 (40%) were on ATZ/r, 676 (35%) were on darunavir/ritonavir (DRV/r) and 490 (25%) were on LPV/r. Patients who started TDF as a part of a integrase-inhibitor based regimen were only 8, and we decided not to include them in the analysis. A detailed description of the characteristics of the patients is shown in Table 1 .
Risk of tenofovir discontinuation
A total of 277 cases of TDF discontinuation were observed, of whom 202 in PI/r group and 75 in NNRTI group, respectively. The probability of discontinuation of TDF regardless of the reason was of 7.4% (95% CI: 6.4-8.5) by 2 years and 14.1% (95%CI 12.2-16.1) by 5 years. When patients were grouped according to the third-drug class started with TDF, the 5-year KM estimates of TDF discontinuation were 7.6% (95%CI: 5.5-9.7)) and 20.4% (95%CI 17.2-23.6) in the NNRTI and PI/r group, respectively (log-rank p<0.001) (Fig 1) . Among the 277 patients who stopped TDF, 123 (44.4%) switched to an abacavir/lamivudine-containing regimen, 50 (18%) to a regimen containing the sole lamivudine or emtricitabine, 29 (10.5%) to a zidovudine/lamivudine-containing regimen, 2 to other NRTI-combinations and 64 (23.1%) to NRTI-sparing combinations. A detailed description of the composition of the regimen started after the discontinuation according to the initial third drug is depicted in Table 2 .
A multivariable Cox regression analysis assessing time fixed factors at baseline associated with the risk of TDF discontinuation was run (full results in Table 3A ). In this model, initiation of a PI/r-based treatment was associated with a significantly higher risk of TDF discontinuation 
Reasons for tenofovir discontinuation and risk of toxicity-driven discontinuation
A half (n = 139, 50.2%) of the discontinuations were driven by toxicity. Among these, 78/139 (56.1%) were motivated by renal toxicity (64 patients) or by osteopenia/osteoporosis (14 patients).
Interruptions due to toxicity accounted for 31% (43/139) and 69% (96/139) of the discontinuations among patients who started PI/r and NNRTI, respectively. The other reasons for TDF discontinuation reported by the treating physician were non-adherence (7.6%%), simplification (15.5%), failure (11.2%), and other/unknown causes (11.2%). The 5-year KM estimates of TDF discontinuation due to toxicity were 10.7% (95%CI: 8.1-13.4) vs. 4.7% (95%CI: 2.9-6.5) for discontinuation due to toxicity in the PI/r and NNRTI group, respectively (Log-rank p = 0.0001) (Fig 2) . In a multivariable Cox regression analysis, initiating treatment with PI/r (compared with starting a NNRTI, HR 1.58; 95%CI 0.93-2.70), older age (per 10 years increase, HR 1.43; 95% CI 1.11-1.85) and lower baseline eGFR (per 10 ml/min decrease, HR 1.24; 95%CI 1.08-1.42) were independent predictors of TDF discontinuation due to toxicity (Table 3B) . When discontinuation due to kidney toxicity was used as outcome measure of a separate Cox regression analysis, drug companion was not associated with the risk of TDF discontinuation (HR 1.31 of PI/r vs. NNRTI; 95%CI 0.58-2.98) and a lower baseline eGFR was the only independent predictor of TDF discontinuation (per 10 ml/min decrease, HR 1.46; 95%CI 1.21-1.76).
When a mixed linear model was used to estimate average eGFR trajectories, people who had started TDF co-administered with a PI/r, rather than a NNRTI, had a steeper eGFR reduction over time, but the difference was not statistically significant (mean change in eGFR per year in the PI/r group: -1.5; 95%CI [-1.9;-1.2] vs.-mean change in the NNRTI group: -1.2; 95%CI [-1.7;-0.70], p = 0.32).
Selective tenofovir discontinuations
One hundred and thirty-six selective TDF discontinuations were observed during the study follow-up. After selective TDF discontinuation, 75 (55.2%) patients switched to an abacavir/lamivudine-containing regimen, 34 (25%) to a regimen containing the sole lamivudine or emtricitabine, 8 (5.9%) to a zidovudine/lamivudine-containing regimen, 1 (0.7%) to other NRTI- combinations and 13 (9.6%) to NRTI-sparing combinations. A detailed description of the composition of the regimen started after the discontinuation according to the initial third drug is depicted in Table 4 . The 5 year KM estimates in the PI/r vs. NNRTI group are illustrated in Fig 3. Using multivariable Cox regression analysis, initiation of PI/r (HR 2.77 vs. starting a NNRTI; 95% CI 1.49-5.12) was the only independent predictor of selective TDF discontinuation (Table 3C ).
Discussion
In our study a non-negligible proportion of naïve patients, initiating TDF as part of their first antiretroviral regimen started when they were ART-naive, underwent discontinuation of the drug. We found that the probability of TDF discontinuation by 2 years of treatment was 7.4% and, in 50% of our participants, the main reason leading to discontinuation was toxicity. By 5 years, 14.1% of patients had discontinued TDF. These rates were significantly higher than those reported in previous randomized controlled studies in patients using TDF, in which the proportion of toxicity events leading to discontinuation ranged from 0 to 3% by 2 years from starting the drug. [13] [14] [15] [16] [17] [18] 22] There may be multiple reasons for this apparent discrepancy. Patients with pre-existing kidney disease or with risk factors for TDF-associated renal impairment, such as cardiovascular or metabolic diseases, concomitant nephrotoxic medications, low body weight, advanced age and lower CD4 cell count are typically under-represented in clinical trials. [22] There is an issue with this as patients in trials are different from those seen in clinical practice, who are aging populations, with advanced HIV infections and multiple comorbidities. Moreover, treating physicians could be more prone to modify treatment in the clinical setting than during trials. In clinical practice, there are less restriction to switching than in some of the trials and if there are prior beliefs among clinicians that a drug is likely to drive a specific toxicity the appearance of one of these may lead to early treatment interruptions or drug switches, even in presence of only mild, not clinically significant side effects, such as initial GFR reduction or bone mineral density loss. Similarly, unconventional less-drug regimens, such as NRTI-sparing or dual therapies with lamivudine, used in 23% and 18% of patients discontinuing TDF in our cohort, respectively, might have been pursued by clinicians in the attempt of both reducing costs and preventing long-term drug toxicities.
Nevertheless, our results prove that TDF was maintained as part of ART regimens in the majority of patients, for a period of observation of >5 years. Discontinuation rates of TDF appear to be still lower than those reported for other drugs. Previous observational studies reported rates of discontinuation after 2 year of more than 30%, for third-drugs [23] and for abacavir/lamivudine. [24] Consistently with these results, a study on determinants of modification of the first ART in a large cohort of European and North American patients suggested that TDF/emtricitabine had the lowest rate of switch/change and interruption, compared to zidovudine/lamivudine, abacavir/lamivudine and other backbone combinations. [25] All together, these findings support current guidelines indicating TDF as component of most suggested first-line ARV regimens, based on its high potency and safety profile. [26] In our study, coadministration with a PI/r was consistently associated with higher rates of TDF discontinuation, regardless of the chosen endpoint (although the difference was not statistically significant when the discontinuation due to renal toxicity was taken into account, mainly because of the lack of power of this secondary analysis). This finding seems to be supported by biological evidence. Previous studies have suggested that PI/r could slow TDF renal clearance and increase its plasma and renal tubular intracellular concentrations, via different mechanisms, including a blockage of the tubular renal transporter of TDF (the multidrug resistance associated proteins), P-glycoprotein activity inhibition and an increased intestinal absorption. [27, 28] As a possible consequence, higher rates of renal toxicity due to TDF, when associated with PI/r, have been shown in several studies. [4, 8, 9, 11] Of note, no significant differences were found when different PI/r were compared to each other. All together, these finding suggest that durability of TDF-containing treatment may depend on its companions and that use of PI/r should be evaluated with caution in patient with other risk factors for TDF premature discontinuation and/or toxicity. On the other hand, when we specifically investigated creatinine, no significant differences in term of eGFR decline was found comparing patients treated with TDF in combination with PI/r or NNRTI. Of interest, the effect was in the expected direction with people who initiated a PI/r showing a higher initial level of eGFR and a steeper slope of decline over follow-up when compared to those starting a NNRTI. Moreover, when discontinuation due to renal toxicity alone was considered as the outcome, no difference in rate of discontinuation was found between PI/r and NNRTI recipients. These findings suggest that, in clinical practice, TDF discontinuations is driven by parameters other than eGFR alone. Indeed, renal function assessment is likely to include also other parameters (such as proteinuria or phosphate level), which were not available in our database. Moreover, other causes, related or not related with direct drug toxicity, can be more important in the decision of TDF discontinuation. Nevertheless, we cannot exclude that the observed increased risk in the PI/r group could be due to treating clinicians' beliefs regarding the interaction between TDF and PI/r or other unmeasured confounding.
Not surprisingly, the risk of TDF discontinuation due to toxicity and renal toxicity was higher among patients with a lower eGFR at baseline, in accordance with the results of a previous study. [5] When other options are available, use of TDF should be avoided in those with compromised renal function before treatment initiation.
Our study has some limitations that merit to be acknowledged. First, as mentioned above, this is a comparison in the observational setting so that confounding is likely to be an issue. Second, the reasons for TDF discontinuation are those reported by the physician and therefore subjective by definition. Clinicians' strategies may also vary by clinical sites (although Cox models were stratified by site). Moreover, only the main reason of discontinuation was taken into account, although only in seven cases a secondary reason for TDF discontinuation was reported, thus it is unlikely to have influenced our results. Third, there was a high percentage of unknown/other causes of discontinuation which is difficult to handle in the statistical analysis without making some strong assumptions. Fourth, as already mentioned, renal function was evaluated basing solely on eGFR and other markers of renal damage, such as urine dip stick analysis, phosphatemia or glycosuria, were not available. Fifth, due to the study time-frame, in this analysis we were not able to explore the rate of TDF discontinuation when it is prescribed in association with integrase inhibitors or coformualted with rilpivirine, because these regimens were introduced in more recent years.
In conclusion, our study had showed that frequency of TDF discontinuation in clinical practice is relatively low but much higher than that estimated in clinical trials. The co-administration of TDF with PI/r versus NNRTI and lower eGFR at initiation of the TDF-based regimen were independently associated with a higher risk of TDF discontinuation but discontinuation of TDF due to toxicity might be driven by parameters other than eGFR alone. Further studies are needed to clarify the possible interaction between TDF and the PI/r class which may lead to renal toxicities in patients with HIV treated with these drugs. 
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